The fate of ochratoxin A in brewing was investigated by adding [3H]ochratoxin A to the raw materials at 1-and 10-,ug/g levels during mashing in a conventional microbrewing process. The results indicated that large portions (28 to 39%) of the added toxin were recovered in spent grains, with less recovery in the yeast (8 to 20%) and beer (14 to 18%). About 38 and 12% of the added toxin at levels of 1 and 10 ,ug/g, respectively, were degraded during brewing.
The fate of ochratoxin A in brewing was investigated by adding [3H]ochratoxin A to the raw materials at 1-and 10-,ug/g levels during mashing in a conventional microbrewing process. The results indicated that large portions (28 to 39%) of the added toxin were recovered in spent grains, with less recovery in the yeast (8 to 20%) and beer (14 to 18%). About 38 and 12% of the added toxin at levels of 1 and 10 ,ug/g, respectively, were degraded during brewing.
The natural occurrence of ochratoxin A (OA) in cereal products and the wide distribution of OA-producing fungi in the environment (2) have led to some concern about the possibility of transmission of the mycotoxin to beer. Krogh et al. (5) and Gjertsen et al. (4) demonstrated that less than 10% of OA was recovered in beer during malting and brewing processes. However, Chu et al. (3) reported that as much as 14 and 28% of the added OA was found in the final beers brewed from starting materials containing 1 (4) found that 10% of the initial toxin (1-,ug/g level) was left in the spent grains, but no data are available for the residual toxin in other fractions. We have studied the fate of OA in experimental brewing with radioactive OA. The radioactivity and OA were determined in each of the brewing products or fractions.
The brewing procedures, sample treatments, and method for OA analysis were the same as previously described (3) , except that the spent grains and yeast from fermentation were lyophilized to dryness prior to extraction with CH3GH-CHCl3 (1:1).
[3H]OA prepared as described by Chang and Chu (1) was diluted with unlabeled OA to a specific activity of 3.45 x 104 dpm/,ug and added to the cooker mash as previously described (3) . For radioactivity determination, an appropriate amount (in general, less than 0.1 ml) of the crude OA extract in chloroform was mixed with 10 ml of Scintisol-Complete (Isolab, Inc., Akron, Ohio) and counted in a Beckman model LS-330 liquid scintillation spectrometer for a certain time (preset at standard deviation of 0.5%). The counts per minute were corrected to dpm for counting efficiency and quenching by the channel-ratio method. OA concentration was determined by liquid scintillation counting of the OA fraction after thin-layer chromatography separation of other degraded products. Duplicate brewing experiments and duplicate analyses were carried out for each sample.
The recovery of radioactivity and OA in the final beer and other by-products at the two OA levels tested is summarized in Table 1 . The results clearly demonstrated that recovery of the added toxin was greatest in the spent grains (28 to 39%). Considerable amounts were found in the yeast from fermentation (8 to 20%) and in beer (14 to 18%). Degradation of OA to some other substances (i.e., ochratoxin a, one of the hydrolyzed products of OA found in the thin-layer chromatography plate) was more extensive at low (1 ,ug/g) than at high (10 ,tg/g) toxin levels; only 47 to 63% of the total radioactivity in different products was identified as OA with 1 ,ug of toxin per g present in the original cooker mash, whereas 84 to 95% of the total radioactivity in the extract was identified as OA in the 10-,ug/g samples.
The present results confirm our previous observation that OA in grains may persist in beer and that the quantity of toxin in the beer depends on the toxin concentration in the raw materials (3). The recovery of OA in beer in the present study is similar to the recovery in our nonradioactive experiment at the 1-Ag/g level, but is lower (18 versus 28%) than we initially reported (3) at the 10-lg/g level. The level of residual toxin in the spent grains is considerably higher than the concentrations reported by other workers (4, 5) . This discrepancy may have been due to the binding of the toxin to grain components, so that extraction was difficult. It has been shown that, when the wet sample was extracted with bicarbonate solu- tion, OA was not completely recovered from the sample. Lyophilization of the wet spent grains and yeasts from fermentation, however, permitted complete extraction of the bound toxins with organic solvents. In conclusion, our new data suggest the possible risk of using spent grain as feed if the original raw materials have been contamined with a high level of OA.
